As palaeopathology appears to have confirmed Yersinia pestis as the organism responsible for all three pandemics of plague (Justinian 1,2 , Black Death 3 and Modern), arguments for the origin of the disasters have given way to debates on their effects. Records narrate the horrors but barely hint at historical results 4 . This article maintains each pandemic has had a lasting effect and, cumulatively, Y. pestis has been more influential than gun powder and could still be explosive.
Y. pestis is a pleomorphic gram-negative bacillus with characteristic 'safety pin' appearance with Giemsa stain. It has a remarkable life cycle through two disparate hosts: a cool flea and a warm rodent.
Temperature, however, is not merely one challenge: it is probably one of the external factors that influence gene expression in the different hosts. For survival in the hostile intestine of the flea after being swallowed in rodents' blood, bacterial genes promote enzymes that cause the bacteria to aggregate in biofilm to protect from digestion and excretion 5 . When the biofilm expands to obstruct the oesophagus, hunger causes the flea to bite voraciously and spread the bacteria in regurgitation. Other genes permit the bacteria to digest proteins and lipids contained in blood.
In the warmer mammal, the phenotype changes from passive aggregation to virulent spread, aided by proteins that oppose host clotting and immunity. At first, the small numbers of Y. pestis that are injected into the host find refuge in de-activated macrophages in the dermis where they multiply and develop their capacity to avoid killing by neutrophils. They then spread to lymph nodes to induce pain and swelling, known as buboes, which have characterised the disease since its earliest descriptions and lent the name 'bubonic plague'. In the lymph system, metabolism by protein digesting enzymes is downregulated in favour of those digesting polysaccharides 6 . Some bacteria escape into the blood stream, leading to a septicaemic presentation while others travel to the lung and cause an overwhelming pneumonic form in which bacteria may be exhaled in droplets.
The bacteria may cycle from flea to rodent (or other small mammal)
in enzootic manner and humans may be incidental victims but, on three grand occasions, the disease has taken hold in human populations with devastating, pandemic results.
Though the last pandemic began in 1894, its bacterial offspring are still causing problems, infecting over 2,000 humans each year, in increasing numbers and in places where the disease has been absent for decades 7 . Plague is a re-emerging disease 8 .
The first pandemic
The The slaughter was so great in this first and then the second pandemic there were similar effects. With the loss of a third to a half of populations, labour became scarce and its value increased. Loss of productivity reduced governmental revenue which resulted in increased taxation. Rising prices fuelled inflation. Traditional working relations were challenged: slavery and serfdom were weakened by the rising value of labour, but sought to be strengthened by decree. The second pandemic
The second pandemic emerged in Crimea in 1346 and spread around and inland from the Mediterranean. Its first wave was catastrophic, but its effect was compounded by recurrent outbreaks of varying severity until it, too, mysteriously relented in 1741 [13] [14] [15] .
Narratives are as harrowing as those of the first but variations in presentation, rate of spread and infectivity have generated debate as to whether this 'Black Death' was really Y. pestis and not some kind of Ebola-like virus. DNA extracted from the pulp of teeth of skeletons from medieval burial sites has, however, revealed the presence of Y. pestis as it has from teeth pulp from Justinian cemeteries 16 .
Though its long term effects are as debated as those of the first pandemic, there is consensus the recurrent outbreaks of plague reduced agricultural manpower in Western Europe and led to the end of manorial production: serfdom gave way to mobilised wage labour. Governments were able to restrict the process in Eastern
Europe but in the West there emerged an independent 'yeoman' who could be described as the fore runner of the wage earner of the Industrial Revolution'. The third pandemic workers were infected and the contagion subsided 22 .
As long as we have antibiotics to which Y. pestis is sensitive, and in sufficient amounts, we should not face a new Black Death. But resistance is being reported 23 and both Nature and human beings retain a capacity for rupturing medical supply in disasters and warfare.
Human beings also have an unlimited capacity for mendacity and, though most killings have been inflicted with chemicals or explosives, bacteria have been considered. There are anecdotes that plague was inflicted by catapulting corpses over 14 th century city walls but spread by fomites is uncommon and fleas abandon cooling hosts. The Japanese air-force dispersed infected fleas over civilians in Manchuria in WW2 but the effects were limited 24 . In the Cold War, both US and USSR sought better ways to deliver and disperse plague as a weapon that would both demoralise and deplete their opponents. Reportedly, USSR ultimately developed strains that were resistant both to antibiotics and to certain vaccines, and factories that could produce them in tons until at least the 1990's 25 .
Aware of the potential for disaster in 1970, WHO declared the effects of dropping 50 kg of aerosolised plague on a city of 5 million could be 150,000 cases of pneumonic plague with 36,000 deaths 26 . Does
Russia still possess these facilities?
Could plague be inflicted in a terrorist attack? An expert committee in the US believed there was 'great concern' in 2000 27 , over a year before terrorists demonstrated their ability to hi-jack airliners.
